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Examiner: Stephen Cunningham 
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Honorable Commissioner for Patents 
Mail Stop Non-Fee Amendment 
Box 1450 

Alexandria. Virginia 223 1 3- 1 450 



nECLARATK W UNDER 37 Ct ft §U31 



City of: Seoul 

Country of: R^jibJicJi£J^^ 

We. Mr. Young-Moon Joe. Mr. Gyu-Woong Lee, Mr. Seong-I lu Kim, and Mr. Seong- 
Taek Hwang declare, depose and state: 

1 . We are the inventors of all the claims (1-7) of the above-identified patent 
application. 

2. We certify that due diligence was exercised in having a patent application 
prepared and filed as evidenced by the following: 
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3. Prior to the Korean Patent Office priority filing date of our application on 
April 2, 2001, we completed an Invention Disclosure Document on February 8, 2001 (a 
certified translation of which is attached as Exhibit A) that discloses the invention as 
claimed in the Korean Priority Application, which was invented in Korea, a World Trade 
Organization country. 

On Feb. 8, 2001, Samsung Electronics Co. instructed K.J. Lee Patent & 
Trademark Office to begin preparation of a patent application at once. Mr. ll-Keun Jeong 
and Mr. Seok-Won Kang of K.J. Lee Patent & Trademark Office in Seoul, Korea, 
prepared a draft of the patent application and sent same to the inventors for review on 
March 23, 2001 (Exhibit B). 

On March 30. 2001. after review by the inventors and Samsung, K.J. Lee Patent 
& Trademark Office was instructed to file the patent application in the Korean Patent 
Office (as shown in Exhibit C), which occurred on April 2, 200 1 

As evidenced by items 1-3 above and the attached exhibits, it is clearly shown 
that our invention antedates the March 28. 2001 date of the Spock reference along with 
due diligence exercised on our behalf prior to filing. 

We declare and certify by our signatures below that all the statements made above 
of our own knowledge are true, and all statements made on information and belief are 
believed to be true. We arc aware that willful false statements and the like are punishable 
by line or imprisonment, or both (1 8 U.S.C.fjlOOl) and may .jeopardize the validity of the 
application or any patents issuing thereon. 
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RT-DTRECTIONAL WDM OPTICAL AM PT JFIER SYSTEM 



1. BACKGROUND OF THE INVENTION 



5 a) Field of the Invention 

A WDM (wavelength division multiplexing) optical transmission system 
transmits optical signals in one optical fiber by using various wavelengths, 
thereby improving transmission efficiency. In addition, the WDM optical 
transmission system can transmit optical signals regardless of a transmission rate 

10 thereof, so the WDM optical transmission system has been widely utilized for a 
very high speed Internet, in which the amount of data transmission has recently 
been increasing. 

When a long-distance data transmission is carried out by using the WDM 
optical transmission system, signal intensity may become reduced as a 
15 transmission distance becomes long, so an optical amplifier is installed in a 
transmission route of the optical signals in order to amplify a signal having 
reduced intensity. 



b) Description of the Related Art 
20 A conventional WDM optical transmission system transmits only optical 

signals traveling in the same direction in one optical fiber, while using one-way 
amplifiers installed in a transmission route of the optical signals. In addition, the 
conventional WDM optical transmission system transmits signals traveling in an 
opposite direction by using another optical fiber while installing one-way 

25 amplifiers in the transmission route of the optical signals (referring to FIG. 1). 

Such a conventional WDM optical transmission system requires at least 
two strands of optical fibers for signal transmission. In addition, since the 
conventional WDM optical transmission system can use different optical fibers, it 
is possible to use the same wavelength band when transmitting signals. In this 

30 case, it is necessary to provide optical amplifiers having the same wavelength 



l 



band (referring to FIG. 2). 

In order to improve efficiency of an optical fiber and to reduce the 
number of optical devices to be used, a bidirectional WDM optical transmission 
system, in which bidirectional signals are transmitted through one strand of an 

5 optical fiber, has been proposed (referring to FIG. 4). 

According to a conventional bidirectional WDM optical transmission 
system, optical signals are bidirectionally transmitted in an optical fiber through 
which the optical signals travel. However, bidirectional signals used for optical 
transmission may be divided into first bidirectional signals having a short 

10 wavelength band and a second bidirectional signals having a long wavelength 
band at nodes, in which optical signals are amplified, in such a manner that a 
one-way WDM optical amplifier can process the bidirectional signals. After that, 
the first and second bidirectional signals are again combined with each other so 
as to be bidirectionally transmitted. 

15 

c) Problem of Prior Art and Object of the Present Invention 
-Problem of Prior Art 

In a conventional bidirectional WDM optical transmission system, 
adjacent channels may exert an influence on each other when optical signals are 

20 transmitted with a smaller interval within an optical band having a limited optical 
wavelength, so it is difficult to transmit optical signals through a relatively large 
number of channels in one optical fiber. In addition, when optical signals are 
bidirectionally transmitted, two strands of optical fibers are necessary, so the 
number of optical devices may increase by two times (referring to FIG. 3). 

25 In addition, according to the conventional bidirectional WDM optical 

transmission system, although optical signals are bidirectionally transmitted in 
one optical fiber through which the optical signals travel, two strands of one-way 
transmission type optical fibers are required at nodes in which optical signals are 
amplified. Thus, although the conventional bidirectional WDM optical 

30 transmission system may improve the efficiency of the optical fibers, the number 
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of optical devices used therefor cannot be reduced, but increased as compared 
with those of a one-way WDM optical transmission system (referring to FIG 6). 

Different from the one-way WDM optical transmission system, the 
conventional bidirectional WDM optical transmission system cannot use the 

5 optical signals having the same wavelength band. That is, the conventional 
bidirectional WDM optical transmission system uses optical signals by dividing 
wavelengths of the optical signals into a short wavelength band and a long 
wavelength band, so efficiency of using the wavelength can be improved by 
about two times as compared with that of a one-way WDM optical amplifier 

10 system (referring to FIG. 5). 

-Object of the Present Invention 

An object of the present invention is to provide a simple and effective 
bidirectional WDM optical transmission system (referring to FIG 8) using a 

15 bidirectional WDM optical amplifier system capable of efficiently using an 
optical fiber, having a simple structure as compared with a structure of a 
conventional bidirectional WDM optical amplifier system, and using a one-way 
WDM optical amplifier, instead of a bidirectional WDM optical amplifier, 
without requiring bidirectional optical signals to be divided at nodes into first 

20 bidirectional optical signals having a short wavelength band and second 
bidirectional optical signals having a long wavelength band. 

2. DETAILED DESCRIPTION OF THE PRESENT INVENTION 

a) Construction of the Present Invention 

25 A bidirectional WDM optical amplifier system of the present invention 

(referring to FIG. 7) includes an optical circulator for dividing routes of 
bidirectional optical signals transmitted to one side of the optical circulator in 
such a manner that the bidirectional optical signals are caused to proceed in 
different directions, an interleaver for narrowing an interval between adjacent 

30 channels through an interleaving method for optical signals transmitted to both 
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sides of the interleaver, a one-way optical amplifier for amplifying attenuated 
optical signals in a state in which bidirectional signals are combined with each 
other, and a DCM (dispersion compensation module) for compensating for 
chromatic dispersion created in an optical fiber through which the optical signals 
5 travel at a high speed. 

b) Operation of the Present Invention 

According to a bidirectional WDM optical transmission system using a 
bidirectional WDM optical amplifier system (referring to FIG. 10), odd optical 
10 signals (Txl, Tx3, Tx5 and Tx7) transmitted from a west transmission section are 
introduced into a second optical circulator (cir2) through a first Mux (Muxl), a 
first DCM (DCM1), a first optical amplifier (OA1), a first optical circulator 
(cirl), and a first transmission optical fiber (Fiberl). 

In addition, even optical signals (Tx2, Tx4, Tx6 and Tx8) transmitted 
15 from an east transmission section are introduced into a third optical circulator 
(cir3) through a second Mux (Mux2), a third DCM (DCM3), a fourth optical 
amplifier (OA4), a fourth optical circulator (cir4), and a second transmission 
optical fiber (Fiber2). 

Optical signals transmitted into a west section of the bidirectional WDM 
20 optical transmission system (referring to FIG. 7) are introduced into a first 
interleaver (IL1) through the second optical circulator (cir2), and optical signals 
transmitted into an east section of the bidirectional WDM optical transmission 
system are introduced into the first interleaver (IL1) through the third optical 
circulator (cir3). 

25 Optical signals coupled to each other at the first interleaver (IL1) are 

interleaved in such a manner that odd optical signals are inserted between even 
optical signals (referring to FIG. 9). Then, the optical signals are introduced into a 
second DCM (DCM2), and then, enter a second interleaver (IL2) through a third 
optical amplifier (OA3). 

30 In the second interleaver (IL2), odd channels enter an east optical 
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circulator (cir3) and even channels enter a west optical circulator (cir2). 

After that, odd channels are divided into several groups depending on 

wavelengths thereof while passing through the third optical circulator (cir3), the 

second transmission optical fiber (Fiber2), the fourth optical circulator(cir4), a 
5 fifth optical amplifier(OA5), and a second demultiplexer(Dem2). Then, odd 

channels enter receiving sections (Rxl, Rx3, Rx5, and Rx7). 

In addition, even channels are divided into several groups depending on 

wavelengths thereof while passing through the second optical circulator (cir2), 

the first transmission optical fiber (Fiberl), the first optical circulator(cirl), the 
10 second optical amplifier(OA2), and a first demultiplexer(Deml). Then, even 

channels enter receiving sections (Rx2, Rx4, Rx6, and Rx8). 



c) Effect of the Present Invention 

The bidirectional WDM optical transmission system according to the 

15 present invention can bidirectionally transmit optical signals so that transmission 
efficiency in an optical fiber can be improved. In addition, since the bidirectional 
WDM optical transmission system of the present invention has a simple structure, 
the number of optical devices, such as DCMs or optical amplifiers, used for the 
bidirectional WDM optical transmission system can be reduced. Furthermore, 

20 when transmitting optical signals, optical signals having odd wavelengths are 
interleaved between optical signals having even wavelengths, so that the 
wavelength band to be used can be reduced by a half, thereby improving 
efficiency of using the wavelength band. In addition, the bidirectional WDM 
optical transmission system of the present invention uses a one-way optical 

25 amplifier, instead of a complicated bidirectional optical amplifier, while 
bidirectionally transmitting the optical signals, so that the system can be stably 
operated. 

3. CLAIMS 

30 1 . A bidirectional WDM optical amplifier system comprising: 
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a first optical device section for collecting bidirectional WDM signals in 
one direction such that bidirectional WDM signals having odd wavelengths are 
aligned between bidirectional WDM signals having even wavelengths; 
a one-way optical amplifier; and 
5 a second optical device section for allowing the collected bidirectional 

WDM signals to bidirectionally proceed. 

2. The bidirectional WDM optical amplifier system as claimed in claim 1, 
wherein the first optical device section includes two 3 -terminal optical circulators 
10 for dividing routes of the bidirectional WDM signals such that the bidirectional 
WDM signals are proceeded in different directions, and an interleaver for 
collecting optical signals, which are transmitted to both sides of the interleaver, 
through an interleaving method. 

15 3 . The bidirectional WDM optical amplifier system as claimed in claim 1 , 

wherein the second optical device section includes an interleaver for dividing 
optical signals, which are transmitted to one side of the interleaver, into several 
groups depending on wavelengths of the optical signals and two optical 
circulators for allowing optical signals to proceed in different directions. 

20 

4. The bidirectional WDM optical amplifier system as claimed in claim 1, 
wherein the one-way optical amplifier includes an erbium doped fiber amplifier, 
a praseodymium doped fiber amplifier, or a semiconductor laser amplifier. 

25 5. A bidirectional WDM optical amplifier system comprising: 

a first optical device section for collecting bidirectional WDM signals in 
one direction such that bidirectional WDM signals having odd wavelengths are 
aligned between bidirectional WDM signals having even wavelengths; 

a dispersion compensation module for compensating for chromatic 
30 dispersion of optical signals; 

6 



a one-way optical amplifier; and 

a second optical device section for allowing the collected bidirectional 
WDM signals to bidirectionally proceed. 



5 6. The bidirectional WDM optical amplifier system as claimed in claim 5, 

wherein the first optical device section includes two 3-terminal optical circulators 
for dividing routes of the bidirectional WDM signals such that the bidirectional 
WDM signals are proceeded in different directions, and an interleaver for 
collecting optical signals, which are transmitted to both sides of the interleaver, 

10 through an interleaving method. 

7. The bidirectional WDM optical amplifier system as claimed in claim 5, 
wherein the second optical device section includes an interleaver for dividing 
optical signals, which are transmitted to one side of the interleaver, into several 

15 groups depending on wavelengths of the optical signals and two optical 
circulators for allowing optical signals to proceed in different directions. 

8. The bidirectional WDM optical amplifier system as claimed in claim 5, 
wherein the one-way optical amplifier includes an erbium doped fiber amplifier, 

20 a praseodymium doped fiber amplifier, or a semiconductor laser amplifier. 

9. The bidirectional WDM optical amplifier system as claimed in claim 5, 
wherein the dispersion compensation module includes a dispersion compensation 
fiber or a bragg grating fiber. 

25 

4. DRAWINGS 

FIG. 1 is a view showing a conventional one-way WDM optical 
transmission system; 

FIG. 2 is a view showing a wavelength alignment of a conventional one- 
30 way WDM optical transmission system; 
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FIG. 3 is a block view showing a conventional one-way WDM optical 
transmission system; 

FIG. 4 is a block view showing a conventional bidirectional WDM 
optical transmission system; 
5 FIG. 5 is a view showing a wavelength alignment of a conventional 

bidirectional WDM optical transmission system; 

FIG. 6 is a block view showing a conventional bidirectional WDM 
optical transmission system; 

FIG. 7 is a view showing a bidirectional WDM optical amplifier system 
10 according to one embodiment of the present invention; 

FIG. 8 is a view showing a bidirectional WDM optical transmission 
system equipped with a bidirectional WDM optical amplifier system according to 
one embodiment of the present invention; 

FIG. 9 is a view showing a wavelength alignment of a bidirectional 
15 WDM optical transmission system according to one embodiment of the present 
invention; and 

FIG. 10 is a view showing a bidirectional WDM optical transmission 
system equipped with a bidirectional WDM optical amplifier system according to 
one embodiment of the present invention. 
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OPTTCAL AMPLIFIER DEV TrF AND BIDIRECTIONAL 
WAVELENGTH DIVISION MULTIPL EXING OPTICAL 
rrnvf TVf I TNTC ATION SYST F™ ITSTNGTHE SAME 

BACKGROUND OF THE INVENTION 



5 1 . Field of the Invention 

The present invention relates to bidirectional wavelength division 
multiplexing optical communications, and more particularly to an optical 
amplifier device and a bidirectional wavelength division multiplexing optical 
communication system using the optical amplifier device. 



10 2. Description of the Related Art 

A wavelength division multiplexing optical communication system is 
adapted to transmit a plurality of channels on an optical fiber. Such a 
wavelength division multiplexing optical communication system is widely used 
in the ultrahigh-speed Internet because it has superior characteristics in terms of 
15 transmission efficiency and transmission capacity. Since the channels 
transmitted on the optical fiber are attenuated in proportion to the transmission 
length thereof, an optical fiber is installed on the optical fiber in order to amplify 
the attenuated channels. 

Fig. 1 is a circuit diagram illustrating a conventional bidirectional 
20 wavelength division multiplexing optical communication system. As shown in 
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Fig. 1, the system includes a first optical transmitter/receiver unit 100, an optical 
amplifier unit 200, a second optical transmitter/receiver unit 300, and an optical 
fiber 400. The optical signal transmitted from the first optical 
transmitter/receiver unit 100 to the second optical transmitter/receiver unit 300 is 
5 referred to as a forward optical signal 115, whereas the optical signal reversely 
transmitted is referred to as a reverse optical signal 315. Each of the forward 
and reverse optical signals 115 and 315 is composed of a plurality of channels 
with different wavelengths. 

The first optical transmitter/receiver unit 100 includes a plurality of first 
10 transmitters 110, a plurality of first receivers 180, a first wavelength division 
multiplexer 120, a first wavelength division demultiplexer 170, a first dispersion 
compensation fiber 130, a first amplifier 140, a second amplifier 160, and a first 
optical circulator 150. 

The first transmitters 110 output channels of different wavelengths, 
15 respectively. The first wavelength division multiplexer 120 receives the 
channels from the first transmitters 110, and multiplexes the received channels, 
thereby outputting a channel-multiplexed signal, that is, the forward optical 
signal 115. 

The first dispersion compensation fiber 130 serves to compensate for a 
20 dispersion of the forward optical signal 115. The dispersion of the forward 
optical signal 115 is caused by the fact that the channels of the forward optical 
signal 115 have different wavelengths, respectively. 
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The first amplifier 140 serves to amplify the forward optical signal 115. 
This first amplifier 140 may include an erbium-doped optical fiber for 
performing an amplifying operation by utilizing an induced emission of erbium 
ions, a laser diode for emitting pumping light adapted to excite the erbium ions, 
5 and a wavelength selection coupler for applying the pumping light to the 
erbium-doped optical fiber. 

The first circulator 150 transmits the forward optical signal 115 received 
from the first amplifier 140 to the optical amplifier unit 200 via the optical fiber 
400 while sending the reverse optical signal 315 from the optical amplifier unit 
1 0 200 to the second amplifier 1 60. 

The second amplifier 160 amplifies the reverse optical signal 315 inputted 
thereto, and applies the amplified reverse optical signal 315 to the first 
wavelength division demultiplexer 170. 

The first wavelength division demultiplexer 170 demultiplexes the reverse 
15 optical signal 315 into a plurality of channels with different wavelengths. 

The first receivers 180 receives the channels outputted from the first 
wavelength division demultiplexer 170. 

The optical fiber 400 couples the first and second optical 
transmitter/receiver units 100 and 300 to each other, and serves as a transmission 
20 medium for the forward and reverse optical signals 1 1 5 and 3 1 5 . 
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The optical amplifier unit 200 includes a second circulator 210, a third 
circulator 240, a second dispersion compensation fiber 220, a third dispersion 
compensation fiber 250, a third amplifier 230, and a fourth amplifier 260. 

The second circulator 210 transmits the forward optical signal 115, 
5 received from the first optical transmitter/receiver unit 100 via the optical fiber 
400, to the second dispersion compensation optical fiber 220 while sending the 
reverse optical signal 315 from the fourth amplifier 260 to the first optical 
transmitter/receiver 100 via the optical fiber 400. 

The second dispersion compensation optical fiber 220 compensates for a 
10 dispersion of the forward optical signal 115, and applies the 
dispersion-compensated forward optical signal 115 to the third amplifier 230. 
The forward optical signal 115 is amplified by the third amplifier 230, and then 
applied to the third circulator 240. 

The third circulator 240 transmits the forward optical signal 115, inputted 
15 thereto, to the second optical transmitter/receiver unit 300 via the optical fiber 
400 while sending the reverse optical signal 315, inputted thereto via the optical 
fiber 400, to the third dispersion compensation optical fiber 250. 

The third dispersion compensation optical fiber 250 compensates for a 
dispersion of the reverse optical signal 315. The fourth amplifier 260 amplifies 
20 the dispersion-compensated reverse optical signal 315, and then transmits the 
amplified reverse optical signal 315 to the second circulator 210. 



The second optical transmitter/receiver unit 300 includes a plurality of 
second transmitters 310, a plurality of second receivers 380, a second 
wavelength division multiplexer 320, a second wavelength division 
demultiplexer 370, a fourth dispersion compensation fiber 330, a fifth amplifier 
5 340, a sixth amplifier 360, and a fourth circulator 350. 

The second transmitters 310 output channels of different wavelengths, 
respectively. The second wavelength division multiplexer 320 receives the 
channels from the second transmitters 310, and multiplexes the received 
channels, thereby outputting a channel-multiplexed signal, that is, the reverse 
10 optical signal 315. 

The second dispersion compensation fiber 330 serves to compensate for a 
dispersion of the reverse optical signal 315. The fifth amplifier 340 serves to 
amplify the reverse optical signal 315. 

The fourth circulator 350 transmits the reverse optical signal 315 received 
1 5 from the fifth amplifier 340 to the optical amplifier unit 200 via the optical fiber 
400 while sending the forward optical signal 115, received from the optical 
amplifier unit 200 via the optical fiber 400, to the sixth amplifier 360. 

The sixth amplifier 360 amplifies the forward optical signal 115 inputted 
thereto, and applies the amplified forward optical signal 115 to the second 
20 wavelength division demultiplexer 370. 



The second wavelength division demultiplexer 370 demultipl< 
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forward optical signal 115 into a plurality of channels with different wavelengths. 
The second receivers 380 receive the channels outputted from the second 
wavelength division demultiplexer 370, respectively. 

Fig. 2 is a graph depicting the forward and reverse optical signals 1 15 and 
5 315. As shown in Fig. 2, the bidirectional wavelength division multiplexing 
optical communication system of Fig. 1 uses a wavelength band ranging from 
1,532 nm to 1,554 nm. Referring to Fig. 2, it can also be seen that the 
wavelength space between adjacent channels in the forward or reverse optical 
signal 115 or 315 is 2 nm. The wavelength band of the forward optical signal 
10 115 ranges from 1,532 nm to 1,542 nm, whereas the wavelength band of the 
reverse optical signal 315 ranges from 1,544 nm to 1,554 nm. That is, the 
forward optical signal 115 is distributed within a relatively short-wavelength 
band, whereas the reverse optical signal 315 is distributed within a relatively 
long-wavelength band. In addition, an optical signal within an optical fiber is 
15 subjected to signal distortion due to a dispersion phenomenon, and a scattering 
phenomenon and where an optical signal is severely distorted, channels forming 
the optical signal cannot be identified. For this reason, the wavelength space of 
adjacent channels are set, taking into consideration such a signal distortion of 
optical signals. This wavelength space is referred to as a "minimum 
20 wavelength space". The available wavelength band of an optical signal is 
limited due to an attenuation of the optical signal caused by loss characteristics 
of the optical fiber through which the optical signal passes. The available 
wavelength band is referred to as a "maximum wavelength band". The 
maximum wavelength band in the bidirectional wavelength division multiplexing 
25 optical communication system shown in Fig. 1 is 1,532 nm to 1,554 nm. 
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Accordingly, the maximum number of channels in an optical signal transmittable 
at a minimum wavelength space of 2 nm is 12. 

Fig. 3 is a circuit diagram illustrating the optical amplifier unit 200 shown 
in Fig. 1 . As shown in Fig. 3, the optical amplifier unit 200, which includes the 

5 second circulator 210, third circulator 240, second dispersion compensation fiber 
220, third dispersion compensation fiber 250, third amplifier 230, and fourth 
amplifier 260, further includes a first isolator 232, a second isolator 262, a first 
erbium-doped optical fiber 234, a second erbium-doped optical fiber 264, a first 
wavelength selecting coupler 238, a second wavelength selecting coupler 268, a 

10 first laser diode 236, and a second laser diode 266. The third and fourth 
amplifiers 230 and 260 have the same configurations as those of the first and 
second amplifiers 140 and 160 or those of the fifth and sixth amplifiers 340 and 
360, respectively. In the following description, the duplicated configurations of 
the amplifiers will be omitted. 

15 The first isolator 232 transmits the forward optical signal 115, received 

from the second dispersion compensation fiber 220, therethrough while 
preventing optical signals, traveling in a direction reverse to the forward optical 
signal 115, from passing therethrough. For this reason, the pumping light 237, 
which travels along the first erbium-doped optical fiber 234 after being outputted 

20 from the first laser diode 236, cannot pass through the first isolator 232. 

The first erbium-doped optical fiber 234 amplifies the forward optical 
signal 1 15 by utilizing an induced emission of excited erbium ions. 
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The pumping light 237, which is required to excite erbium ions, is emitted 
from the first laser diode 236. The first wavelength selecting coupler 238 
transmits the amplified forward optical signal 115 therethrough, as it is, so that 
the amplified forward optical signal 115 is applied to the third circulator 240. 
5 The first wavelength selecting coupler 238 also sends the pumping light 237, 
received from the first laser diode 236, to the first erbium-doped optical fiber 
234. 

The second isolator 262 transmits the reverse optical signal 315, received 
from the third dispersion compensation fiber 250, therethrough while preventing 
10 optical signals, traveling in a direction reverse to the reverse optical signal 3 1 5, 
from passing therethrough. For this reason, the pumping light 267, which 
travels along the second erbium-doped optical fiber 264 after being outputted 
from the second laser diode 266, cannot pass through the second isolator 232. 

The second erbium-doped optical fiber 264 amplifies the reverse optical 
15 signal 315. 

The pumping light 267 is emitted from the second laser diode 266. The 
second wavelength selecting coupler 268 transmits the amplified reverse optical 
signal 315 therethrough, as it is, so that the amplified reverse optical signal 315 
is applied to the second circulator 210. The second wavelength selecting 
20 coupler 268 also sends the pumping light 267, received from the second laser 
diode 266, to the second erbium-doped optical fiber 264. 
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Although not shown, it is necessary to additionally provide a laser diode 
driving unit at each of the optical fiber amplifiers 230 and 260 in order to supply 
drive current to an associated one of the laser diodes 236 and 266. It may also 
be necessary to additionally provide a gain flattening filter in order to 
5 compensate for a gain unbalance caused by a non-uniformity in the amplification 
rate of each erbium-doped optical fiber 234 or 264 resulting from a variation in 
the wavelength of the input optical signal. 

As mentioned above, the conventional optical amplifier device has 
respective configurations adapted to amplify forward and reverse optical signals. 

10 For this reason, the conventional optical amplifier device involves a problem in 
that it includes duplicated elements. That is, it is necessary to provide multiple 
optical amplifiers. Also, it is necessary to use multiple expensive dispersion 
compensation fibers and other optical elements. For this reason, the 
conventional optical amplifier device requires high manufacturing costs and high 

1 5 maintenance costs while involving a degraded integration degree. 

Also, the conventional bidirectional wavelength division optical 
communication system is configured to divide their available wavelength band 
into long and short-wavelength bands to be respectively allocated to forward and 
reverse optical signals. For this reason, there is a problem in that the channel 
20 density in the maximum wavelength band is reduced. 

SUMMARY OF THE INVENTION 

Therefore, an object of the invention is to provide an optical amplifier 
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device which can be inexpensively manufactured while having a high integration 
degree. 

Another object of the invention is to provide a bidirectional wavelength 
division multiplexing optical communication system capable of obtaining an 
increased channel density in a maximum wavelength band. 

In accordance with one aspect, the present invention provides in a 
bidirectional wavelength division multiplexing optical communication system 
including first and second optical transmitter/receiver units for transmitting and 
receiving wavelength-division-multiplexed optical signals, respectively, and an 
optical fiber serving as a transmission medium for a forward optical signal 
traveling from the first optical transmitter/receiver unit to the second optical 
transmitter/receiver unit and a reverse optical signal traveling from the second 
optical transmitter/receiver unit to the first optical transmitter/receiver unit, each 
of the forward and reverse optical signals being composed of a plurality of 
channels with different wavelengths, an optical amplifier device for amplifying 
the forward and reverse optical signals, comprising: 

a first interleaver for interleaving the channels of the forward optical 
signal received at a first terminal thereof and the channels of the reverse optical 
signal received at a second terminal thereof, in accordance with the wavelengths 
of the channels, and outputting an interleaved optical signal at a third terminal 
thereof; 

an optical fiber amplifier unit for amplifying the interleaved optical signal 
received from the third terminal of the first interleaver, and outputting the 
amplified optical signal; and 
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a second interleave! for splitting the amplified optical signal, received at a 
third terminal thereof, into the forward and reverse optical signals in accordance 
with wavelengths, and outputting the forward and reverse optical signals at first 
and second terminals thereof, respectively. 

5 In accordance with another aspect, the present invention provides a 

bidirectional wavelength division multiplexing optical communication system 
comprising: 

a first optical transmitter/receiver unit for transmitting a forward optical 
signal composed of a plurality of channels respectively allocated with 
10 wavelengths having a desired wavelength space while receiving a reverse optical 
signal composed of a plurality of channels respectively allocated with 
wavelengths each interleaved between associated ones of the wavelengths of the 
forward optical signal; 

a second optical transmitter/receiver unit for transmitting the reverse 
1 5 optical signal while receiving the forward optical signal; 

an optical fiber coupled between the first and second optical 
transmitter/receiver units, the optical fiber serving as a transmission medium for 
the forward and reverse optical signals; and 

an optical amplifier device arranged on the optical fiber and adapted to 
20 interleave the channels of the forward and reverse optical signals, bidirectionally 
received via the optical fiber, in accordance with the wavelengths of the channels, 
to amplify an interleaved optical signal generated in accordance with the 
interleaving operation, to split the amplified optical signal into the forward and 
reverse optical signals in accordance with wavelengths, and to bidirectionally 
25 transmit the split forward and reverse optical signals via the optical fiber. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



The above objects and advantages of the present invention will become 
more apparent by describing in detail preferred embodiments thereof with 
reference to the attached drawings in which: 
5 Fig. 1 is a circuit diagram illustrating a conventional bidirectional 

wavelength division multiplexing optical communication system; 

Fig. 2 is a graph depicting forward and reverse optical signals shown in 

Fig. 1; 

Fig. 3 is a circuit diagram illustrating an optical amplifier unit shown in 

10 Fig. 1; 

Fig. 4 is a circuit diagram illustrating a bidirectional wavelength division 
multiplexing optical communication system according to a preferred embodiment 
of the present invention; 

Fig. 5 is a graph depicting forward and reverse optical signals shown in 

15 Fig. 4; and 

Fig. 6 is a circuit diagram illustrating an optical amplifier unit shown in 

Fig. 4. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Now, preferred embodiments of the present invention will be described in 
20 detail, with reference to the annexed drawings. In the following description, a 
variety of specific elements such as constituent elements are described. The 
description of such elements has been made only for a better understanding of 
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the present invention. Those skilled in the art will appreciate that various 
modifications, additions, and substitutions to the specific elements are possible, 
without departing from the scope and spirit of the invention as disclosed in the 
accompanying claims. 

Fig. 4 is a circuit diagram illustrating a bidirectional wavelength division 
multiplexing optical communication system according to a preferred embodiment 
of the present invention. As shown in Fig. 4, the system includes a first optical 
transmitter/receiver unit 500, an optical amplifier unit 600, a second optical 
transmitter/receiver unit 700, and an optical fiber 800. The optical signal 
transmitted from the first optical transmitter/receiver unit 500 to the second 
optical transmitter/receiver unit 700 is referred to as a forward optical signal 515, 
whereas the optical signal reversely transmitted is referred to as a reverse optical 
signal 715. Each of the forward and reverse optical signals 515 and 715 is 
composed of a plurality of channels with different wavelengths. That is, the 
forward optical signal 515 is composed of a plurality of channels allocated with 
channels having a desired wavelength space. Also, the reverse optical signal 
715 is composed of a plurality of channels allocated with channels having a 
desired wavelength space from one another. 

The first optical transmitter/receiver unit 500 includes a plurality of first 
transmitters 510, a plurality of first receivers 570, a first wavelength division 
multiplexer 520, a first wavelength division demultiplexer 560, a first amplifier 
530, a first dispersion compensation module 540, and a first optical circulator 
550. 



■ 14- 



The first transmitters 510 output channels of different wavelengths, 
respectively. The first wavelength division multiplexer 520 receives the 
channels from the first transmitters 510, and multiplexes the received channels, 
thereby outputting a channel-multiplexed signal, that is, the forward optical 
signal 515. 

The first amplifier 530 serves to amplify the forward optical signal 515. 
The first dispersion compensation module 540 serves to compensate for a 
dispersion of the forward optical signal 515. That is, the first dispersion 
compensation module 540 compensates for distortion of the forward optical 
signal 515 caused by the fact that the channels of the forward optical signal 115 
have different wavelengths, respectively. The first dispersion compensation 
module 540 may be a packaged dispersion compensation fiber or a dispersion 
compensation fiber lattice. 

The first circulator 550 transmits the forward optical signal 515 received 
from the first dispersion compensation module 540 to the optical amplifier unit 
600 via the optical fiber 800 while sending the reverse optical signal 715 from 
the optical amplifier unit 600 to the first wavelength division demultiplexer 560. 

The first wavelength division demultiplexer 560 demultiplexes the reverse 
optical signal 715 into a plurality of channels with different wavelengths. The 
first receivers 570 receive the channels outputted from the first wavelength 
division demultiplexer 560. 



The optical fiber 800 couples the first and second optical 
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transmitter/receiver units 500 and 700 to each other, and serves as a transmission 
medium for the forward and reverse optical signals 515 and 715. 

The optical amplifier unit 600 includes a second circulator 610, a third 
circulator 660, a first interleaver 620, a second interleaver 650, a second 
amplifier 630, and a second dispersion compensation module 640. 

The second circulator 610 transmits the forward optical signal 515, 
received from the first optical transmitter/receiver unit 500 via the optical fiber 
800, to a first terminal of the first interleaver 620 while sending the reverse 
optical signal 715, received from a second terminal of the second interleaver 650, 
to the first optical transmitter/receiver 500 via the optical fiber 800. 

The first interleaver 620 interleaves the channels of the forward optical 
signal 515 received at its first terminal and the channels of the reverse optical 
signal 715 received at its second terminal, in accordance with the wavelengths of 
those channels. An interleaved optical signal 625 is outputted from a third 
terminal of the first interleaver 620. The interleaved optical signal 625 is 
composed of the channels of the forward optical signal 515 and the channels of 
the reverse optical signal 715. 

The second optical fiber amplifier 630 amplifies the interleaved optical 
signal 625 received from the third terminal of the first interleaver 620. 

The second dispersion compensation module 640 compensates for a 
dispersion of the amplified optical signal 625, and applies the 
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dispersion-compensated optical signal 625 to a third terminal of the second 
interleaver 650. 

The second interleaver 650 splits the optical signal 625, received at its 
third terminal, into the forward and reverse optical signals 515 and 715 in 
5 accordance with wavelengths, and outputs the forward and reverse optical 
signals 515 and 715 at its first and second terminals. 

The third circulator 660 distributes the reverse optical signal 715, received 
thereto via the optical fiber 800, to the second terminal of the first interleaver 
620 while transmitting the forward optical signal 515, received from the first 
1 0 terminal of the second interleaver 650, via the optical fiber 800. 

The second optical transmitter/receiver unit 700 includes a plurality of 
second transmitters 710, a plurality of second receivers 770, a second 
wavelength division multiplexer 720, a second wavelength division 
demultiplexer 760, a third amplifier 730, a third dispersion compensation fiber 
1 5 740, and a fourth circulator 750. 

The second transmitters 710 output channels of different wavelengths, 
respectively. These channels will form the reverse optical signal 715. 

The second wavelength division multiplexer 720 receives the channels 
from the second transmitters 710, and multiplexes the received channels, thereby 
20 outputting a channel-multiplexed signal, that is, the reverse optical signal 715. 
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The third amplifier 730 serves to amplify the reverse optical signal 715. 
The third dispersion compensation module 740 serves to compensate for a 
dispersion of the reverse optical signal 715. 

The fourth circulator 750 transmits the reverse optical signal 715 received 
from the third dispersion compensation module 740 to the optical amplifier unit 
600 via the optical fiber 800 while sending the forward optical signal 515, 
received from the optical amplifier unit 600 via the optical fiber 800, to the 
second wavelength division demultiplexer 760. 

The second wavelength division demultiplexer 760 demultiplexes the 
forward optical signal 515 into a plurality of channels with different wavelengths. 
The second receivers 770 receive the channels from the second wavelength 
division demultiplexer 760. 

Fig. 5 is a graph depicting the forward and reverse optical signals 1 15 and 315 of 
Fig. 4. As shown in Fig. 5, the bidirectional wavelength division multiplexing 
optical communication system of Fig. 1 uses a wavelength band ranging from 
1,531 nm to 1,554 nm. Referring to Fig. 5, it can also be seen that the 
wavelength space between adjacent channels in the forward or reverse optical 
signal 515 or 715 is 2 nm. The forward optical signal 515 has wavelengths of 
1,531 nm, 1,533 nm, 1535 nm, 1,537 nm, 1,539 nm, 1,541 nm, 1,543 nm, 1,545 
nm, 1,547 nm, 1,549 nm, 1,551 nm, and 1,553 nm. The reverse optical signal 
715 has wavelengths of 1,532 nm, 1,534 nm, 1536 nm, 1,538 nm, 1,540 nm, 
1,542 nm, 1,544 nm, 1,546 nm, 1,548 nm, 1,550 nm, 1,552 nm, and 1,554 nm. 
That is, the forward optical signal 515 is composed of a plurality of channels 
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allocated with wavelengths having a minimum wavelength space of 2 nm. Also, 
the reverse optical signal 715 is composed of a plurality of channels allocated 
with wavelengths each interleaved between associated ones of the wavelengths 
of the forward optical signal 515. In addition, the maximum number of 
channels in an optical signal transmittable at the reduced minimum wavelength 
space is 24. This means that the system according to the present invention 
obtains a channel density corresponding to about two times that of the system 
shown in Fig. 1, in the same wavelength band. 

Fig. 6 is a circuit diagram illustrating the optical amplifier unit 600 shown 
in Fig. 4. As shown in Fig. 6, the optical amplifier unit 600, which includes the 
second circulator 610, first interleaver 620, second amplifier 630, second 
dispersion compensation module 640, second interleaver 650, and third 
circulator 660, further includes an isolator 632, an erbium-doped optical fiber 
634, a wavelength selecting coupler 638, and a laser diode 636. The second 
amplifier 630 has the same configurations as those of the first and third 
amplifiers 530 and 730. In the following description, the duplicated 
configurations of the amplifiers will be omitted. 

The isolator 632 transmits the optical signal 625, received from the third 
terminal of the first interleaver 620, therethrough while preventing optical 
signals, traveling in a direction reverse to the optical signal 625, from passing 
therethrough. The optical signal 625 is composed of the channels of the 
forward optical signal 515 and the channels of the reverse optical signal 715. 
Accordingly, the pumping light 637, which travels along the erbium-doped 
; optical fiber 634 after being outputted from the laser diode 636, cannot pass 
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through the isolator 632. The erbium-doped optical fiber 634 amplifies the 
optical signal 625 by utilizing an induced emission of excited erbium ions. The 
erbium-doped optical fiber 634 may be substituted by a praseodymium 
(Pr)-doped optical fiber. The Pr-doped optical fiber serves to amplify an input 
5 optical signal by utilizing an induced emission of Pr ions. 

The pumping light 637, which is required to excite erbium ions, is emitted 
from the laser diode 636. The wavelength selecting coupler 638 transmits the 
amplified optical signal 625 therethrough, as it is, so that the amplified optical 
signal 625 is applied to the third terminal of the second interleaver 650. The 
10 wavelength selecting coupler 638 also sends the pumping light 637, received 
from the laser diode 636, to the erbium-doped optical fiber 634. 

As apparent from the above description, the optical amplifier device of 
the present invention is configured to interleave the channels of a forward optical 
signal and the channels of a reverse optical signal and to amplify the interleaved 
15 channels. In accordance with this configuration, it is possible to reduce the 
number of duplicated elements, as compared to conventional configurations. 
Accordingly, the optical amplifier device of the present invention provides an 
advantages in that it can be inexpensively manufactured while achieving a high 
integration degree. 

20 Also, the bidirectional wavelength division multiplexing optical 

communication system of the present invention can transmit a forward optical 
signal composed of a plurality of channels respectively allocated with 
wavelengths having a desired wavelength space and a reverse optical signal 
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composed of a plurality of channels respectively allocated with wavelengths each 
interleaved between associated ones of the wavelengths of the forward optical 
signal. Accordingly, there is an advantage in that the channel density in a 
maximum wavelength band can be maximized. 

While this invention has been described in connection with what is 
presently considered to be the most practical and preferred embodiment, it is to 
be understood that the invention is not limited to the disclosed embodiment, but, 
on the contrary, it is intended to cover various modifications within the spirit and 
scope of the appended claims. 
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WHAT IS CLAIMED IS: 



1. In a bidirectional wavelength division multiplexing optical 
communication system including first and second optical transmitter/receiver 
units for transmitting and receiving wavelength-division-multiplexed optical 
signals, respectively, and an optical fiber serving as a transmission medium for a 
forward optical signal traveling from the first optical transmitter/receiver unit to 
the second optical transmitter/receiver unit and a reverse optical signal traveling 
from the second optical transmitter/receiver unit to the first optical 
transmitter/receiver unit, each of the forward and reverse optical signals being 
composed of a plurality of channels with different wavelengths, an optical 
amplifier device for amplifying the forward and reverse optical signals, 
comprising: 

a first interleaver for interleaving the channels of the forward optical 
signal received at a first terminal thereof and the channels of the reverse optical 
signal received at a second terminal thereof, in accordance with the wavelengths 
of the channels, and outputting an interleaved optical signal at a third terminal 
thereof; 

an optical fiber amplifier unit for amplifying the interleaved optical signal 
received from the third terminal of the first interleaver, and outputting the 
amplified optical signal; and 

a second interleaver for splitting the amplified optical signal, received at a 
third terminal thereof, into the forward and reverse optical signals in accordance 
with wavelengths, and outputting the forward and reverse optical signals at first 
and second terminals thereof, respectively. 
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2. The optical amplifier device according to claim 1, further comprising: 
a first circulator for transmitting the forward optical signal, received 
thereto via the optical fiber, to the first terminal of the first interleaver while 
transmitting the reverse optical signal, received from the first terminal of the 
second interleaver, to the optical fiber; and 

a second circulator for transmitting the reverse optical signal, received 
thereto via the optical fiber, to the second terminal of the first interleaver while 
transmitting the reverse optical signal, received from the second terminal of the 
second interleaver, to the optical fiber. 

3. The optical amplifier device according to claim 1 or 2, further 
comprising: 

a dispersion compensation module coupled between the third terminal of 
the first interleaver and the third terminal of the second interleaver and adapted 
to compensate for a dispersion of the interleaved optical signal. 

4. A bidirectional wavelength division multiplexing optical 
communication system comprising: 

a first optical transmitter/receiver unit for transmitting a forward optical 
signal composed of a plurality of channels respectively allocated with 
wavelengths having a desired wavelength space while receiving a reverse optical 
signal composed of a plurality of channels respectively allocated with 
wavelengths each interleaved between associated ones of the wavelengths of the 
forward optical signal; 

a second optical transmitter/receiver unit for transmitting the reverse 
optical signal while receiving the forward optical signal; 
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an optical fiber coupled between the first and second optical 
transmitter/receiver units, the optical fiber serving as a transmission medium for 
the forward and reverse optical signals; and 

an optical amplifier device arranged on the optical fiber and adapted to 
interleave the channels of the forward and reverse optical signals, bidirectionally 
received via the optical fiber, in accordance with the wavelengths of the channels, 
to amplify an interleaved optical signal generated in accordance with the 
interleaving operation, to split the amplified optical signal into the forward and 
reverse optical signals in accordance with wavelengths, and to bidirectionally 
transmit the split forward and reverse optical signals via the optical fiber. 

5. The bidirectional wavelength division multiplexing optical 
communication system according to claim 4, wherein the optical amplifier device 
comprises: 

a first interleaver for interleaving the channels of the forward optical 
signal received at a first terminal thereof and the channels of the reverse optical 
signal received at a second terminal thereof, in accordance with the wavelengths 
of the channels to generate the interleaved optical signal, and outputting an 
interleaved optical signal at a third terminal thereof; 

an optical fiber amplifier unit for amplifying the interleaved optical signal 
received from the third terminal of the first interleaver, and outputting the 
amplified optical signal; and 

a second interleaver for splitting the amplified optical signal, received at a 
third terminal thereof, into the forward and reverse optical signals in accordance 
with wavelengths, and outputting the forward and reverse optical signals at first 
and second terminals thereof, respectively; 
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a first circulator for transmitting the forward optical signal, received 
thereto via the optical fiber, to the first terminal of the first interleaver while 
transmitting the reverse optical signal, received from the first terminal of the 
second interleaver, to the optical fiber; and 

a second circulator for transmitting the reverse optical signal, received 
thereto via the optical fiber, to the second terminal of the first interleaver while 
transmitting the reverse optical signal, received from the second terminal of the 
second interleaver, to the optical fiber. 

6. The bidirectional wavelength division multiplexing optical 
communication system according to claim 5, wherein the optical amplifier device 
further comprises: 

a dispersion compensation module coupled between the third terminal of 
the first interleaver and the third terminal of the second interleaver and adapted 
to compensate for a dispersion of the interleaved optical signal. 



ABSTRACT OF THE DISCLOSURE 



Disclosed is a bidirectional wavelength division multiplexing optical 
communication system including a first optical transmitter/receiver unit for 
transmitting a forward optical signal composed of a plurality of channels 
respectively allocated with wavelengths having a desired wavelength space while 
receiving a reverse optical signal composed of a plurality of channels 
respectively allocated with wavelengths each interleaved between associated 
ones of the wavelengths of the forward optical signal, a second optical 
transmitter/receiver unit for transmitting the reverse optical signal while 
receiving the forward optical signal, an optical fiber coupled between the first 
and second optical transmitter/receiver units, the optical fiber serving as a 
transmission medium for the forward and reverse optical signals, and an optical 
amplifier device arranged on the optical fiber and adapted to interleave the 
channels of the forward and reverse optical signals, bidirectionally received via 
the optical fiber, in accordance with the wavelengths of the channels, to amplify 
an interleaved optical signal generated in accordance with the interleaving 
operation, to split the amplified optical signal into the forward and reverse 
optical signals in accordance with wavelengths, and to bidirectionally transmit 
the split forward and reverse optical signals via the optical fiber. 
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[ABSTRACT OF THE DISCLOSURE] 

Disclosed is a bidirectional wavelength division multiplexing optical 
communication system including a first optical transmitter/receiver unit for 
transmitting a forward optical signal composed of a plurality of channels respectively 
allocated with wavelengths having a desired wavelength space while receiving a 
reverse optical signal composed of a plurality of channels respectively allocated with 
wavelengths each interleaved between associated ones of the wavelengths of the 
forward optical signal, a second optical transmitter/receiver unit for transmitting the 
reverse optical signal while receiving the forward optical signal, an optical fiber 
coupled between the first and second optical transmitter/receiver units, the optical 
fiber serving as a transmission medium for the forward and reverse optical signals, 
and an optical amplifier device arranged on the optical fiber and adapted to interleave 
the channels of the forward and reverse optical signals, bidirectionally received via 
the optical fiber, in accordance with the wavelengths of the channels, to amplify an 
interleaved optical signal generated in accordance with the interleaving operation, 
to split the amplified optical signal into the forward and reverse optical signals in 
accordance with wavelengths, and to bidirectionally transmit the split forward and 
reverse optical signals via the optical fiber. 
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[REPRESENTITIVE FIGURE] Figure 4 
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(TITLE OF THE INVENTION] 

OPTICAL AMPLIFIER DEVICE AND BIDIRECTIONAL WAVELENGTH 
DIVISION MULTIPLEXING OPTICAL COMMUNICATION SYSTEM USING 
THE SAME 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

Fig. 1 is a circuit diagram illustrating a conventional bidirectional wavelength 
division multiplexing optical communication system; 

Fig. 2 is a graph depicting forward and reverse optical signals shown in Fig. 

1; 

15 Fig. 3 is a circuit diagram illustrating an optical amplifier unit shown in Fig. 

1; 

Fig. 4 is a circuit diagram illustrating a bidirectional wavelength division 
multiplexing optical communication system according to a preferred embodiment of 
the present invention; 

20 Fig. 5 is a graph depicting forward and reverse optical signals shown in Fig. 

4; and 

Fig. 6 is a circuit diagram illustrating an optical amplifier unit shown in Fig. 

4. 

25 [DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT] 
[OBJECT OF THE INVENTION1 

[RELATED FIELD AND PRIOR ART OF THE INVENTION] 

The present invention relates to bidirectional wavelength division multiplexing 
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optical communications, and more particularly to an optical amplifier device and a 
bidirectional wavelength division multiplexing optical communication system using 
the optical amplifier device. 

A wavelength division multiplexing optical communication system is adapted 
5 to transmit a plurality of channels on an optical fiber. Such a wavelength division 
multiplexing optical communication system is widely used in the ultrahigh-speed 
Internet because it has superior characteristics in terms of transmission efficiency and 
transmission capacity. Since the channels transmitted on the optical fiber are 
attenuated in proportion to the transmission length thereof, an optical fiber is installed 
10 on the optical fiber in order to amplify the attenuated channels. 

Fig. 1 is a circuit diagram illustrating a conventional bidirectional wavelength 
division multiplexing optical communication system. As shown in Fig. 1 , the system 
includes a first optical transmitter/receiver unit 100, an optical amplifier unit 200, a 
second optical transmitter/receiver unit 300, and an optical fiber 400. The optical 
15 signal transmitted from the first optical transmitter/receiver unit 100 to the second 
optical transmitter/receiver unit 300 is referred to as a forward optical signal 115, 
whereas the optical signal reversely transmitted is referred to as a reverse optical 
signal 315. Each of the forward and reverse optical signals 115 and 315 is 
composed of a plurality of channels with different wavelengths. 

20 The first optical transmitter/receiver unit 100 includes a plurality of first 

transmitters 110, a plurality of first receivers 180, a first wavelength division 
multiplexer 120, a first wavelength division demultiplexer 170, a first dispersion 
compensation fiber 130, a first amplifier 140, a second amplifier 160, and a first 
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optical circulator 150. 

The first transmitters 110 output channels of different wavelengths, 
respectively. The first wavelength division multiplexer 120 receives the channels 
from the first transmitters 110, and multiplexes the received channels, thereby 
5 outputting a channel-multiplexed signal, that is, the forward optical signal 115. 

The first dispersion compensation fiber 130 serves to compensate for a 
dispersion of the forward optical signal 115. The dispersion of the forward optical 
signal 115 is caused by the fact that the channels of the forward optical signal 1 15 
have different wavelengths, respectively. 

10 The first amplifier 140 serves to amplify the forward optical signal 115. This 

first amplifier 140 may include an erbium-doped optical fiber for performing an 
amplifying operation by utilizing an induced emission of erbium ions, a laser diode 
for emitting pumping light adapted to excite the erbium ions, and a wavelength 
selection coupler for applying the pumping light to the erbium-doped optical fiber. 

1 5 The first circulator 1 50 transmits the forward optical signal 1 1 5 received from 

the first amplifier 140 to the optical amplifier unit 200 via the optical fiber 400 while 
sending the reverse optical signal 315 from the optical amplifier unit 200 to the 
second amplifier 1 60. 

The second amplifier 160 amplifies the reverse optical signal 315 inputted 
20 thereto, and applies the amplified reverse optical signal 315 to the first wavelength 
division demultiplexer 170. 
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The first wavelength division demultiplexer 170 demultiplexes the reverse 
optical signal 315 into a plurality of channels with different wavelengths. 

The first receivers 180 receives the channels outputted from the first 
wavelength division demultiplexer 170. 

The optical fiber 400 couples the first and second optical transmitter/receiver 
units 100 and 300 to each other, and serves as a transmission medium for the forward 
and reverse optical signals 1 1 5 and 315. 

The optical amplifier unit 200 includes a second circulator 210, a third 
circulator 240, a second dispersion compensation fiber 220, a third dispersion 
compensation fiber 250, a third amplifier 230, and a fourth amplifier 260. 

The second circulator 210 transmits the forward optical signal 115, received 
from the first optical transmitter/receiver unit 100 via the optical fiber 400, to the 
second dispersion compensation optical fiber 220 while sending the reverse optical 
signal 315 from the fourth amplifier 260 to the first optical transmitter/receiver 100 
via the optical fiber 400. 

The second dispersion compensation optical fiber 220 compensates for a 
dispersion of the forward optical signal 115, and applies the dispersion-compensated 
forward optical signal 1 1 5 to the third amplifier 230. The forward optical signal 1 1 5 
is amplified by the third amplifier 230, and then applied to the third circulator 240. 

The third circulator 240 transmits the forward optical signal 1 1 5, inputted 
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thereto, to the second optical transmitter/receiver unit 300 via the optical fiber 400 
while sending the reverse optical signal 315, inputted thereto via the optical fiber 400, 
to the third dispersion compensation optical fiber 250. 

The third dispersion compensation optical fiber 250 compensates for a 
5 dispersion of the reverse optical signal 315. The fourth amplifier 260 amplifies the 
dispersion-compensated reverse optical signal 3 1 5, and then transmits the amplified 
reverse optical signal 315 to the second circulator 210. 

The second optical transmitter/receiver unit 300 includes a plurality of second 
transmitters 310, a plurality of second receivers 380, a second wavelength division 
10 multiplexer 320, a second wavelength division demultiplexer 370, a fourth dispersion 
compensation fiber 330, a fifth amplifier 340, a sixth amplifier 360, and a fourth 
circulator 350. 

The second transmitters 310 output channels of different wavelengths, 
respectively. The second wavelength division multiplexer 320 receives the channels 
15 from the second transmitters 310, and multiplexes the received channels, thereby 
outputting a channel-multiplexed signal, that is, the reverse optical signal 315. 

The second dispersion compensation fiber 330 serves to compensate for a 
dispersion of the reverse optical signal 315. The fifth amplifier 340 serves to 
amplify the reverse optical signal 315. 



The fourth circulator 350 transmits the reverse optical signal 315 received 
from the fifth amplifier 340 to the optical amplifier unit 200 via the optical fiber 401 
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while sending the forward optical signal 115, received from the optical amplifier unit 
200 via the optical fiber 400, to the sixth amplifier 360. 

The sixth amplifier 360 amplifies the forward optical signal 115 inputted 
thereto, and applies the amplified forward optical signal 1 15 to the second wavelength 
division demultiplexer 370. 

The second wavelength division demultiplexer 370 demultiplexes the forward 
optical signal 115 into a plurality of channels with different wavelengths. The second 
receivers 380 receive the channels outputted from the second wavelength division 
demultiplexer 370, respectively. 

Fig. 2 is a graph depicting the forward and reverse optical signals 115 and 315. 

As shown in Fig. 2, the bidirectional wavelength division multiplexing optical 
communication system of Fig. 1 uses a wavelength band ranging from 1,532 nm to 
1,554 nm. Referring to Fig. 2, it can also be seen that the wavelength space between 
adj acent channels in the forward or reverse optical signal 1 1 5 or 3 1 5 is 2 nm. The 
wavelength band of the forward optical signal 1 15 ranges from 1,532 nm to 1,542 
nm, whereas the wavelength band of the reverse optical signal 315 ranges from 1,544 
nm to 1,554 nm. That is, the forward optical signal 115 is distributed within a 
relatively short-wavelength band, whereas the reverse optical signal 315 is distributed 
within a relatively long-wavelength band. Such an multi-channel optical signal is 
subjected to signal distortion due to a cross phase modulation (XPM) phenomenon 
caused by a signal power difference between adjacent channels, a four wave mixing 
(FWM) phenomenon, that is, introduction of noise from a channel into adjacent 

channels, a dispersion phenomenon, and a scattering phenomenon. Where an optical 
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signal is severely distorted, it cannot be received by the receiver unit. For this 
reason, the wavelength space of adjacent channels are set, taking into consideration 
such a signal distortion of optical signals. This wavelength space is referred to as 
a "minimum wavelength space". The available wavelength band of an optical signal 
5 is limited due to an attenuation of the optical signal caused by loss characteristics of 
the optical fiber through which the optical signal passes. The available wavelength 
band is referred to as a "maximum wavelength band". The maximum wavelength 
band in the bidirectional wavelength division multiplexing optical communication 
system shown in Fig. 1 is 1,532 nm to 1,554 nm. Accordingly, the maximum 
10 number of channels in an optical signal transmittable at a minimum wavelength space 
of 2 nm is 12. 

Fig. 3 is a circuit diagram illustrating the optical amplifier unit 200 shown in 
Fig. 1 . As shown in Fig. 3, the optical amplifier unit 200, which includes the second 
circulator 210, third circulator 240, second dispersion compensation fiber 220, third 

15 dispersion compensation fiber 250, third amplifier 230, and fourth amplifier 260, 
further includes a first isolator 232, a second isolator 262, a first erbium-doped optical 
fiber 234, a second erbium-doped optical fiber 264, a first wavelength selecting 
coupler 238, a second wavelength selecting coupler 268, a first laser diode 236, and 
a second laser diode 266. The third and fourth amplifiers 230 and 260 have the 

20 same configurations as those of the first and second amplifiers 140 and 160 or those 
of the fifth and sixth amplifiers 340 and 360, respectively. In the following 
description, the duplicated configurations of the amplifiers will be omitted. 

The first isolator 232 transmits the forward optical signal 115, received from 
the second dispersion compensation fiber 220, therethrough while preventing optical 
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signals, traveling in a direction reverse to the forward optical signal 1 1 5, from passing 
therethrough. For this reason, the pumping light 237, which travels along the first 
erbium-doped optical fiber 234 after being outputted from the first laser diode 236, 
cannot pass through the first isolator 232. 

5 The first erbium-doped optical fiber 234 amplifies the forward optical signal 

1 15 by utilizing an induced emission of excited erbium ions. 

The pumping light 237, which is required to excite erbium ions, is emitted 
from the first laser diode 236. The first wavelength selecting coupler 238 transmits 
the amplified forward optical signal 115 therethrough, as it is, so that the amplified 
10 forward optical signal 115 is applied to the third circulator 240. The first 
wavelength selecting coupler 238 also sends the pumping light 237, received from 
the first laser diode 236, to the first erbium-doped optical fiber 234. 

The second isolator 262 transmits the reverse optical signal 315, received from 
the third dispersion compensation fiber 250, therethrough while preventing optical 
1 5 signals, traveling in a direction reverse to the reverse optical signal 3 1 5 , from passing 
therethrough. For this reason, the pumping light 267, which travels along the second 
erbium-doped optical fiber 264 after being outputted from the second laser diode 266, 
cannot pass through the second isolator 232. 

The second erbium-doped optical fiber 264 amplifies the reverse optical signal 

20 315. 



The pumping light 267 is emitted from the second laser diode 266. The 
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second wavelength selecting coupler 268 transmits the amplified reverse optical 
signal 315 therethrough, as it is, so that the amplified reverse optical signal 315 is 
applied to the second circulator 210. The second wavelength selecting coupler 26 
also sends the pumping light 267, received from the second laser diode 266, to the 
second erbium-doped optical fiber 264. 



Although not shown, it is necessary to additionally provide a laser diode 
driving unit at each of the optical fiber amplifiers 230 and 260 in order to supply drive 
current to an associated one of the laser diodes 236 and 266. It may also be 
necessary to additionally provide a gain flattening filter in order to compensate for 
a gain unbalance caused by a non-uniformity in the amplification rate of each erbium- 
doped optical fiber 234 or 264 resulting from a variation in the wavelength of the 
input optical signal. 

As mentioned above, the conventional optical amplifier device has respective 
configurations adapted to amplify forward and reverse optical signals. For this reason, 
' the conventional optical amplifier device involves a problem in that it includes 
duplicated elements. That is, it is necessary to provide multiple optical amplifiers. 
Also, it is necessary to use multiple expensive dispersion compensation fibers and 
other optical elements. For this reason, the conventional optical amplifier device 
requires high manufacturing costs and high maintenance costs while involving a 
degraded integration degree. 



Also, the conventional bidirectional wavelength division optical 
communication system is configured to divide their available wavelength band into 
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long and short-wavelength bands to be respectively allocated to forward and reverse 
optical signals. For this reason, there is a problem in that the channel density in the 
maximum wavelength band is reduced. 

[SUBSTANTIAL MATTER OF THE INVENTION] 

Therefore, an object of the invention is to provide an optical amplifier device 
which can be inexpensively manufactured while having a high integration degree. 

Another object of the invention is to provide a bidirectional wavelength 
division multiplexing optical communication system capable of obtaining an 
increased channel density in a maximum wavelength band. 

In accordance with one aspect, the present invention provides in a bidirectional 
wavelength division multiplexing optical communication system including first and 
second optical transmitter/receiver units for transmitting and receiving wavelength- 
division-multiplexed optical signals, respectively, and an optical fiber serving as a 
transmission medium for a forward optical signal traveling from the first optical 
transmitter/receiver unit to the second optical transmitter/receiver unit and a reverse 
optical signal traveling from the second optical transmitter/receiver unit to the first 
optical transmitter/receiver unit, each of the forward and reverse optical signals being 
composed of a plurality of channels with different wavelengths, an optical amplifier 
device for amplifying the forward and reverse optical signals, comprising: 

a first interleaver for interleaving the channels of the forward optical signal 
received at a first terminal thereof and the channels of the reverse optical signal 
received at a second terminal thereof, in accordance with the wavelengths of the 
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channels, and outputting an interleaved optical signal at a third terminal thereof; 

an optical fiber amplifier unit for amplifying the interleaved optical signal 
received from the third terminal of the first interleaver, and outputting the amplified 
optical signal; and 

a second interleaver for splitting the amplified optical signal, received at a 
third terminal thereof, into the forward and reverse optical signals in accordance with 
wavelengths, and outputting the forward and reverse optical signals at first and 
second terminals thereof, respectively. 

In accordance with another aspect, the present invention provides a 
bidirectional wavelength division multiplexing optical communication system 
comprising: . ■ 

a first optical transmitter/receiver unit for transmitting a forward optical signal 
composed of a plurality of channels respectively allocated with wavelengths having 
a desired wavelength space while receiving a reverse optical signal composed of a 
plurality of channels respectively allocated with wavelengths each interleaved 
between associated ones of the wavelengths of the forward optical signal; 

a second optical transmitter/receiver unit for transmitting the reverse optical 
signal while receiving the forward optical signal; 

an optical fiber coupled between the first and second optical 
transmitter/receiver units, the optical fiber serving as a transmission medium for the 
forward and reverse optical signals; and 

an optical amplifier device arranged on the optical fiber and adapted to 
interleave the channels of the forward and reverse optical signals, bidirectionally 
received via the optical fiber, in accordance with the wavelengths of the channels, 
to amplify an interleaved optical signal generated in accordance with the interleaving 
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operation, to split the amplified optical signal into the forward and reverse optical 
signals in accordance with wavelengths, and to bidirectionally transmit the split 
forward and reverse optical signals via the optical fiber. 

[CONSTRUCTION AND OPERATION OF THE INVENTION] 

Now, preferred embodiments of the present invention will be described in 
detail, with reference to the annexed drawings. In the following description, a 
variety of specific elements such as constituent elements are described. The 
description of such elements has been made only for a better understanding of the 
present invention. Those skilled in the art will appreciate that various modifications, 
additions, and substitutions to the specific elements are possible, without departing 
from the scope and spirit of the invention as disclosed in the accompanying claims. 

Fig. 4 is a circuit diagram illustrating a bidirectional wavelength division 
multiplexing optical communication system according to a preferred embodiment of 
the present invention. As shown in Fig. 4, the system includes a first optical 
transmitter/receiver unit 500, an optical amplifier unit 600, a second optical 
transmitter/receiver unit 700, and an optical fiber 800. The optical signal transmitted 
from the first optical transmitter/receiver unit 500 to the second optical 
transmitter/receiver unit 700 is referred to as a forward optical signal 515, whereas 
the optical signal reversely transmitted is referred to as a reverse optical signal 715. 

Each of the forward and reverse optical signals 515 and 715 is composed of a 
plurality of channels with different wavelengths. That is, the forward optical signal 
515 is composed of a plurality of channels allocated with channels having a desired 
wavelength space. Also, the reverse optical signal 715 is composed of a plurality 
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of channels allocated with channels having a desired wavelength space from one 
another. 

The first optical transmitter/receiver unit 500 includes a plurality of first 
transmitters 510, a plurality of first receivers 570, a first wavelength division 
multiplexer 520, a first wavelength division demultiplexer 560, a first amplifier 530, 
a first dispersion compensation module 540, and a first optical circulator 550. 

The first transmitters 510 output channels of different wavelengths, 
respectively. The first wavelength division multiplexer 520 receives the channels 
from the first transmitters 510, and multiplexes the received channels, thereby 
outputting a channel-multiplexed signal, that is, the forward optical signal 515. 

The first amplifier 530 serves to amplify the forward optical signal 515. The 
first dispersion compensation module 540 serves to compensate for a dispersion of 
the forward optical signal 515. That is, the first dispersion compensation module 
540 compensates for distortion of the forward optical signal 515 caused by the fact 
that the channels of the forward optical signal 115 have different wavelengths, 
respectively. The first dispersion compensation module 540 may be a packaged 
dispersion compensation fiber or a dispersion compensation fiber lattice. 

The first circulator 550 transmits the forward optical signal 515 received from 
the first dispersion compensation module 540 to the optical amplifier unit 600 via the 
optical fiber 800 while sending the reverse optical signal 715 from the optical 
amplifier unit 600 to the first wavelength division demultiplexer 560. 

The first wavelength division demultiplexer 560 demultiplexes the reverse 
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optical signal 7 1 5 into a plurality of channels with different wavelengths. The first 
receivers 570 receive the channels outputted from the first wavelength division 
demultiplexer 560. 

The optical fiber 800 couples the first and second optical transmitter/receiver 
5 units 500 and 700 to each other, and serves as a transmission medium for the forward 
and reverse optical signals 515 and 715. 

The optical amplifier unit 600 includes a second circulator 610, a third 
circulator 660, a first interleaver 620, a second interleaver 650, a second amplifier 
630, and a second dispersion compensation module 640. 

10 The second circulator 610 transmits the forward optical signal 515, received 

from the first optical transmitter/receiver unit 500 via the optical fiber 800, to a first 
terminal of the first interleaver 620 while sending the reverse optical signal 715, 
received from a second terminal of the second interleaver 650, to the first optical 
transmitter/receiver 500 via the optical fiber 800. 

15 The first interleaver 620 interleaves the channels of the forward optical signal 

515 received at its first terminal and the channels of the reverse optical signal 715 
received at its second terminal, in accordance with the wavelengths of those channels. 

An interleaved optical signal 625 is outputted from a third terminal of the first 
interleaver 620. The interleaved optical signal 625 is composed of the channels of 
20 the forward optical signal 5 1 5 and the channels of the reverse optical signal 715. 

The second optical fiber amplifier 630 amplifies the interleaved optical signal 
625 received from the third terminal of the first interleaver 620. 
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The second dispersion compensation module 640 compensates for a dispersion 
of the amplified optical signal 625, and applies the dispersion-compensated optical 
signal 625 to a third terminal of the second interleaver 650. 

The second interleaver 650 splits the optical signal 625, received at its third 
terminal, into the forward and reverse optical signals 515 and 715 in accordance with 
wavelengths, and outputs the forward and reverse optical signals 515 and 715 at its 
first and second terminals. 

The third circulator 660 distributes the reverse optical signal 715, received 
thereto via the optical fiber 800, to the second terminal of the first interleaver 620 
while transmitting the forward optical signal 515, received from the first terminal of 
the second interleaver 650, via the optical fiber 800. 

The second optical transmitter/receiver unit 700 includes a plurality of second 
transmitters 710, a plurality of second receivers 770, a second wavelength division 
multiplexer 720, a second wavelength division demultiplexer 760, a third amplifier 
730, a third dispersion compensation fiber 740, and a fourth circulator 750. 

The second transmitters 710 output channels of different wavelengths, 
respectively. These channels will form the reverse optical signal 715. 

The second wavelength division multiplexer 720 receives the channels from 
the second transmitters 710, and multiplexes the received channels, thereby outputting 
a channel-multiplexed signal, that is, the reverse optical signal 715. 
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The third amplifier 730 serves to amplify the reverse optical signal 715. The 
third dispersion compensation module 740 serves to compensate for a dispersion of 
the reverse optical signal 715. 

The fourth circulator 750 transmits the reverse optical signal 715 received 
5 from the third dispersion compensation module 740 to the optical amplifier unit 600 
via the optical fiber 800 while sending the forward optical signal 515, received from 
the optical amplifier unit 600 via the optical fiber 800, to the second wavelength 
division demultiplexer 760. 

The second wavelength division demultiplexer 760 demultiplexes the forward 
10 optical signal 515 into a plurality of channels with different wavelengths. The second 
receivers 770 receive the channels from the second wavelength division demultiplexer 
760. 

Fig. 5 is a graph depicting the forward and reverse optical signals 115 and 315 
of Fig. 4. As shown in Fig. 5, the bidirectional wavelength division multiplexing 

1 5 optical communication system of Fig. 4 uses a wavelength band ranging from 1 ,53 1 
nm to 1,554 nm. Referring to Fig. 5, it can also be seen that the wavelength space 
between adjacent channels in the forward or reverse optical signal 515 or 715 is 2 nm. 
The forward optical signal 515 has wavelengths of 1,531 nm, 1,533 nm, 1535 nm, 
1,537 nm, 1,539 nm, 1,541 nm, 1,543 nm, 1,545 nm, 1,547 nm, 1,549 nm, 1,551 nm, 

20 and 1,553 nm. The reverse optical signal 715 has wavelengths of 1,532 nm, 1,534 
nm, 1536 nm, 1,538 nm, 1,540 nm, 1,542 nm, 1,544 nm, 1,546 nm, 1,548 nm, 1,550 
nm, 1,552 nm, and 1,554 nm. That is, the forward optical signal 515 is composed 
of a plurality of channels allocated with wavelengths having a minimum wavelength 



-18- 

KR200 1-1 7396 

space of 2 nm. Also, the reverse optical signal 715 is composed of a plurality of 
channels allocated with wavelengths each interleaved between associated ones of the 
wavelengths of the forward optical signal 515. Accordingly, where the forward and 
reverse optical signals 515 and 715 are simultaneously traveled through the optical 
fiber 800 of Fig. 4, a wavelength space of 1 nm is defined between adjacent channels. 
Although the wavelength space of channels is reduced by half in accordance with 
such an interleaving method, there is no increase in the affect of each channel on 
adjacent channels because that affect is involved only with channels traveling in the 
same direction. Accordingly, the maximum number of channels in an optical signal 
transmittable at the reduced minimum wavelength space is 24. This means that the 
system according to the present invention obtains a channel density corresponding 
to about two times that of the system shown in Fig. 1, in the same wavelength band. 

Fig. 6 is a circuit diagram illustrating the optical amplifier unit 600 shown in 
Fig. 4. As shown in Fig. 6, the optical amplifier unit 600, which includes the second 
15 circulator 610, first interleaver 620, second amplifier 630, second dispersion 
compensation module 640, second interleaver 650, and third circulator 660, further 
includes an isolator 632, an erbium-doped optical fiber 634, a wavelength selecting 
coupler 638, and a laser diode 636. The second amplifier 630 has the same 
configurations as those of the first and third amplifiers 530 and 730. In the 
20 following description, the duplicated configurations of the amplifiers will be omitted. 

The isolator 632 transmits the optical signal 625, received from the third 
terminal of the first interleaver 620, therethrough while preventing optical signals, 
traveling in a direction reverse to the optical signal 625, from passing therethrough. 
The optical signal 625 is composed of the channels of the forward optical signal 515 
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and the channels of the reverse optical signal 715. Accordingly, the pumping light 
637, which travels along the erbium-doped optical fiber 634 after being outputted 
from the laser diode 636, cannot pass through the isolator 632. The erbium-doped 
optical fiber 634 amplifies the optical signal 625 by utilizing an induced emission of 
excited erbium ions. The erbium-doped optical fiber 634 may be substituted by a 
praseodymium (Pr)-doped optical fiber. The Pr-doped optical fiber serves to 
amplify an input optical signal by utilizing an induced emission of Pr ions. 

The pumping light 637, which is required to excite erbium ions, is emitted 
from the laser diode 636. The wavelength selecting coupler 638 transmits the 
amplified optical signal 625 therethrough, as it is, so that the amplified optical signal 
625 is applied to the third terminal of the second interleaver 650. The wavelength 
selecting coupler 638 also sends the pumping light 637, received from the laser diode 
636, to the erbium-doped optical fiber 634. 

[EFFECT OF THE INVENTION] 

As apparent from the above description, the optical amplifier device of the 
present invention is configured to interleave the channels of a forward optical signal 
and the channels of a reverse optical signal and to amplify the interleaved channels. 

In accordance with this configuration, it is possible to reduce the number of 
duplicated elements, as compared to conventional configurations. Accordingly, the 
optical amplifier device of the present invention provides an advantages in that it can 
be inexpensively manufactured while achieving a high integration degree. 

Also, the bidirectional wavelength division multiplexing optical 
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communication system of the present invention can transmit a forward optical signal 
composed of a plurality of channels respectively allocated with wavelengths having 
a desired wavelength space and a reverse optical signal composed of a plurality of 
channels respectively allocated with wavelengths each interleaved between associated 
ones of the wavelengths of the forward optical signal. Accordingly, there is an 
advantage in that the channel density in a maximum wavelength band can be 
maximized. 
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[PATENT CLAIMS] 

1. In a bidirectional wavelength division multiplexing optical communication 
system including first and second optical transmitter/receiver units for transmitting 
and receiving wavelength-division-multiplexed optical signals, respectively, and an 
optical fiber serving as a transmission medium for a forward optical signal traveling 
from the first optical transmitter/receiver unit to the second optical 
transmitter/receiver unit and a reverse optical signal traveling from the second optical 
transmitter/receiver unit to the first optical transmitter/receiver unit, each of the 
forward and reverse optical signals being composed of a plurality of channels with 
different wavelengths, an optical amplifier device for amplifying the forward and 
reverse optical signals, comprising: 

a first interleaver for interleaving the channels of the forward optical signal 
received at a first terminal thereof and the channels of the reverse optical signal 
received at a second terminal thereof, in accordance with the wavelengths of the 
channels, and outputting an interleaved optical signal at a third terminal thereof; 

an optical fiber amplifier unit for amplifying the interleaved optical signal 
received from the third terminal of the first interleaver, and outputting the amplified 
optical signal; and 

a second interleaver for splitting the amplified optical signal, received at a 
third terminal thereof, into the forward and reverse optical signals in accordance with 
wavelengths, and outputting the forward and reverse optical signals at first and 
second terminals thereof, respectively. 

2. The optical amplifier device according to claim 1, further comprising: 
a first circulator for transmitting the forward optical signal, received thereto 
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via the optical fiber, to the first terminal of the first interleaver while transmitting the 
reverse optical signal, received from the first terminal of the second interleaver, to 
the optical fiber; and 

a second circulator for transmitting the reverse optical signal, received thereto 
5 via the optical fiber, to the second terminal of the first interleaver while transmitting 
the reverse optical signal, received from the second terminal of the second interleaver, 
to the optical fiber. 

3. The optical amplifier device according to claim 1 or 2, further comprising: 
a dispersion compensation module coupled between the third terminal of the 

10 first interleaver and the third terminal of the second interleaver and adapted to 
compensate for a dispersion of the interleaved optical signal. 

4. A bidirectional wavelength division multiplexing optical communication 
system comprising: 

a first optical transmitter/receiver unit for transmitting a forward optical signal 
1 5 composed of a plurality of channels respectively allocated with wavelengths having 
a desired wavelength space while receiving a reverse optical signal composed of a 
plurality of channels respectively allocated with wavelengths each interleaved 
between associated ones of the wavelengths of the forward optical signal; 

a second optical transmitter/receiver unit for transmitting the reverse optical 
20 signal while receiving the forward optical signal; 

an optical fiber coupled between the first and second optical 
transmitter/receiver units, the optical fiber serving as a transmission medium for the 
forward and reverse optical signals; and 

an optical amplifier device arranged on the optical fiber and adapted to 
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interleave the channels of the forward and reverse optical signals, bidirectionally 
received via the optical fiber, in accordance with the wavelengths of the channels, 
to amplify an interleaved optical signal generated in accordance with the interleaving 
operation, to split the amplified optical signal into the forward and reverse optical 
5 signals in accordance with wavelengths, and to bidirectionally transmit the split 
forward and reverse optical signals via the optical fiber. 

5. The bidirectional wavelength division multiplexing optical communication 
system according to claim 4, wherein the optical amplifier device comprises: 

a first interleaver for interleaving the channels of the forward optical signal 
10 received at a first terminal thereof and the channels of the reverse optical signal 
received at a second terminal thereof, in accordance with the wavelengths of the 
channels to generate the interleaved optical signal, and outputting an interleaved 
optical signal at a third terminal thereof; 

an optical fiber amplifier unit for amplifying the interleaved optical signal 
15 received from the third terminal of the first interleaver, and outputting the amplified 
optical signal; and 

a second interleaver for splitting the amplified optical signal, received at a 
third terminal thereof, into the forward and reverse optical signals in accordance with 
wavelengths, and outputting the forward and reverse optical signals at first and 
20 second terminals thereof, respectively; 

a first circulator for transmitting the forward optical signal, received thereto 
via the optical fiber, to the first terminal of the first interleaver while transmitting the 
reverse optical signal, received from the first terminal of the second interleaver, to 
25 the optical fiber; and 
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a second circulator for transmitting the reverse optical signal, received thereto 
via the optical fiber, to the second terminal of the first interleaver while transmitting 
the reverse optical signal, received from the second terminal of the second interleaver, 
to the optical fiber. 

6. The bidirectional wavelength division multiplexing optical communication 
system according, to claim 5, wherein the optical amplifier device further comprises: 

a dispersion compensation module coupled between the third terminal of the first 
interleaver and the third terminal of the second interleaver and adapted to compensate for 
a dispersion of the interleaved optical signal. 
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